Geographic Information Systems are tools which have been used with great interest in vegetation studies. The mapping process developed to store data about vegetation and flora in the upper vegetation belt of Sierra Nevada (South-Eastern Spain) is shown. The aim was to elaborate a detailed cartography that served into future to detect changes in plant communities. The extension of the crioromediterranean belt was estimated in 3875.7 ha, ranging between 2750-3290 m of altitude. We have detected thirteen endemic plant communities and four variants inside, all of them are commonly distributed with low cover and very disperse form. The total of quantified taxa was 185, with more than 37 % of them are endemic of the Baetic range. Our study suggests that the Geographic Information systems are good tools for the study of very complex territories as high mountain areas. They generated information that could be used as a testimony to observe the current climatic change processes.
INTRODUCTION
Several authors have emphasized that one of the best places to observe the actual processes of climatic change are the highest areas of the mountains (DULLINGER & al., 2007; GRABHERR & al., 1994; KÖRNER, 1994; PAULI & al., 1996; THEURI-LLAT, 1995) . It is due to the fact that, among other reasons, these regions show steep ecological gradients, narrow ecotones and comprise real wilderness habitats with ecosystems which are less disturbed by direct anthropogenic influence (PAULI & al., 2004) .
Already at the end of the XIX century and the beginning of the XX, these upper mountain areas caught the attention of many researchers (EMBER- GER, 1936; OZENDA, 1975; QUÉZEL, 1979; RIVAS-MARTÍNEZ, 1981; MARTÍNEZ-PARRAS & al., 1987; CANTÓ & RIVAS-MARTÍNEZ, 2002) . Nowadays, these vegetation fringes are denominated vegetation belts (with various names depending on the region, i.e. subalpine and alpine vegetation belts in Alps, oro and cryoromediterranean belts in Mediterranean region (RIVAS-MARTÍNEZ & al., 2007) and their areas and boundaries are zones where many studies on migrations or upward shifts of flora and vegetation are focused.
In relation to this, there is some evidence of the increase of alpine species richness and upwards migrations in the Alps (BAHN & KÖRNER, 2003; GRABHERR & al., 2001; HOFER, 1992; PAULI & al., 1996 PAULI & al., , 2001 ) and Scandinavia (KLAN- DERUB & BIRKS, 2003) .These observations indicate that alpine vegetation and the distribution limits of its species do respond to climate change despite the long-lived and slow-growing nature of alpine plants. It also confirms that the highest zones and transition areas (ecotones) of mountains play an important role in the awareness of the climate change because they are critical zones where possible changes might be easily detected.
Nowadays, with the help of Geographic Information systems (GIS) we could obtain an integral view of the vegetation, contributing to the already existing information thanks to the available digital cartography (digital elevation models, radiation, geology, etc). These tools integrate significant amount of data and enable access to different information analyses useful to conservation, management and assessment of factors in relation to populations, vegetation or ecosystems.
Referring to biodiversity conservation, GIS tools play an important role in the studies related to the current climatic change processes facilitating the development of species or communities' spatial distribution models, helping in threat assessment under different scenarios, etc.
In the context of biodiversity, the Mediterranean basin has been recognized as one of most important diversity centres (MÉDAIL & QUÉZEL, 1997 , 1999 where the South of Spain (Andalusia) stands out. This is where the Sierra Nevada massif is situated characterised by a great floristic biodiversity, high endemicity rate and numerous threatened taxa (MORALES & al., 1986; SUÁREZ-CERVERA & SEDANE-CAMBA, 1986; PARDO, 1982; RIVAS-MAR-TINEZ & SAÉNZ-LAÍN, 1985; BLANCA & MOLERO MESA, 1990; BLANCA & al., 1998; MOLERO MESA, 1987 , 1996 MYERS, 2000; QUÉZEL, 1953; RIVAS GODAY & MAYOR LÓPEZ, 1966; RIVAS-MARTÍNEZ & al., 1991) . Several studies have indicated the vulnerability and sensitivity of this mountain to the climatic change effects (FERNÁNDEZ GONZÁLEZ & al., 2005; GRABHERR & al., 2000) , which has resulted in the increase of national and international conservation projects. Among them, the Global Observation Research Initiative in Alpine Environments (GLORIA) which works in alpine environments over the world, maintaining a long term observation network at different levels (vascular plants, temperatures, lichens, etc) .
With the intention of complementing the GLO-RIA monitoring work in Sierra Nevada, over the last years we have developed a study of vegetation to detailed scale (1:10 000) in the highest zone of this massif (cryoromediterranean belt). We have obtained a wider and a more global view of the situation of this vulnerable territory and, at the same time, detailed data about its altitudinal boundaries, flora and vegetation. This data has been integrated in the GIS where the user can perform easy queries, analyses and superimpose layers of different information. We believe that in the future this information will be used as historical record and serve as point of departure for the study of the vegetation change trends.
METHODS

STUDY AREA
The study area is located on the South Eastern Iberian Peninsula (Figure 1 ), where the maximum Iberian Peninsula altitudes are reached (Mulhacen, 3481 m), and distributed by the eastern zone of Baetic range with an extension of 3875.7 ha (FERNÁNDEZ CALZADO, 2007) . This territory is included in one biogeographic unit although it is actually heterogeneous enough. All the area is protected inside a National Park with a high number of sites proposed in the Habitat Directive (Anonymous, 1992) . Considering the entire massif, we can observe the striking diversity of different environments where the diverse vegetation types are distributed along the environmental gradients such as altitude, soils or humidity. In the upper zone, the conditions become more severe and the vegetation is exposed to stressful climate conditions with large daily temperature oscillations and a pronounced summer drought. This is the reason why, the study area represents a unique place in Europe as far as the use of vegetation mapping to contribute useful data for conservation policies, assessment and management of the different vegetation types faced with the effects of climatic change.
It is necessary to clarify that in the current paper we only comment on the data collected on the upper vegetation belt of Sierra Nevada although the real study surface was extended to a larger area (35274.56 ha) with the intention to guarantee an exhaustive and complete inclusion of the whole territory and its boundaries.
DIGITAL MAPPING PROCESS
Before the altitudinal delimitation, we performed a mapping process to store information about the flora and vegetation of the study area. This information, over all the distribution of climatophilous plant associations (FERNÁNDEZ CALZADO & MOLERO MESA, 2010) , and the use of other analysis tools, would allow us to later obtain our final goal: the delimitation of upper vegetation belt of Sierra Nevada.
The first step of the mapping process was a photointerpretation of the vegetation territory using black and white digital orthophotographies (scale 1:20 000) from Andalusia government (Junta de Andalucía). The process was done with the GIS ArcView 3.3 for Windows (Environmental Systems Research Institute Inc, CA).
On the orthophotographies the units or polygons were delimitated using as differentiator character, the range of tonalities and textures that appear on the photo. Of this form, the different units that we have separated foresee differences also with regard to the communities that they present.
During the field work phase we collected quantitative and qualitative data about the flora, physiognomic and vegetation structure to support the photointerpretation of the vegetation units. This information was taken on a high number of sample localities inside our study territory; exactly they were 289 phytosociologial relevées following the phytosociological method (BRAUN-BLANQUET, 1979 ) and more than 400 single notes. All the information generated was stored in Access database and later digitalised in independent units to facilitate the queries.
Once finished the mapping process we modified the available information including different data such as predictive distribution species models or temperature maps, which were very useful to complement the existing information about our territory (FERNÁNDEZ CALZADO, 2007) . 
RESULTS AND DISCUSSION
VEGETATION DATA ANALYSIS
Following, we will make a contribution with some data that highlight the originality and ecological diversity of the upper vegetation belt of Sierra Nevada (cryoromediterranean belt). The analysis of these vegetation data gives us an idea of the territory richness on community level (EL AALLALI, 2003; LOSA QUINTANA, & al., 1986; MARTÍNEZ PARRAS & al., 1987; MOLERO MESA, 1984; PRIETO, 1971; QUÉZEL, 1953; RIVAS GODAY & MAYOR, 1966; RIVAS-MARTÍNEZ 1969; PÉREZ RAYA & al., 1990; RIVAS-MARTÍNEZ & al., 1986; RIVAS-MARTÍNEZ & al., 2001 , 2002 . In this environment, the climatic, microtopographic and edaphic situations, which are so changeable, have originated this great number of ecological spaces in vicinity populated by vivacious permanent vegetation communities in a fragile balance. In this context, the detailed cartography has been very useful, helping us to know and assess with more accuracy the vegetation of Sierra Nevada upper belt.
This vegetation belt has an extension of 3875.7 ha with its low-found boundaries ranging between 2750 m in the northern and western zones, and 3290 m in the southern and oriental zones. Both altitudes are joined by means of an irregular line (FERNÁNDEZ CALZADO, 2007) . Add, in spite of its reduced extension, the territory is heterogeneous with a total of 317 units or polygons (Figure 2) .
The quantitative and qualitative data show the behaviour of this massif as an island, since it appears isolated from the rest of neighbouring territories and with less human impact constituting an adequate space for the study of the biodiversity. If we look at the plant associations (100%) and taxa (30%) endemism rates in the upper vegetation belt, they increase from lower altitude confirming our island pattern.
On this upper vegetation belt, the most common situation is that the plant communities occupy the territory with low cover and in dispersed form probably due to the hard ecological conditions which make their establishment difficult. In the majority of cartographic units the space is shared by several associations; therefore units with only one dominant association are rare. This is the reason why the sum of their areas and the number of units where they are represented is bigger than the real one on the territory (superimposed areas).
We have distinguished the presence of thirteen endemic plant associations and four variants ( If we analyses in detail the information about the most important plant communities on this territory we could understand better their roles in the cryoromediterranean belt. For example, the most representative permanent association of cryoromediterranean geopermasigmetum is Erigeronto frigidi-Festucetum clementei, distributed on very discontinuous form, from 2800-2900 m up to the higher summits, since in the area that potentially occupies predominate rocky and stony areas (2608.82 ha, 28.51%, Table 1 ). This community is extremely rich in endemism such as Festuca clementei, Erigeron frigidus, Trisetum glaciale, Artemisia granatensis or Galium pyrenaicum, which supports an intense drought, changing between three and five months, according to the year.
After the study of the available inventories from the bibliography and the realized ones in this investigation, we distinguish the presence of four variants in the association ( The rest of plant associations are present in a higher or lower degree depending on the habitats available for them. We want to emphasize that a low community extension does not mean less importance. This is the case of communities which are in relation to the presence of springs or humidity in the substrate, i.e. Leontodo microcephali-Ranunculetum uniflori, Veronico turbicolae-Festucetum rivularis, Sedo melanantheri-Saxifragetum alpigenae or Ranunculo acetosellifolii-Vaccinietum nani, among others. The suitable conditions for these communities are limited in the highest zone of the massif but their roles stressed because they are exclusive in the world, functioning on many occasions as refuge for taxa from coldest epochs which are on the limit of their distribution areas.
Focusing on the flora, the floristic notes recorded in the field work phase were useful to elaborate a cryoromediterranean catalogue (Annexe 2). It was an important fact since the taxa work as bioindicators and they also helped us to identify the vegetation belt boundaries. The number of recorded taxa was 185 presenting different altitudinal distributions (FERNÁNDEZ CALZADO, 2007) : 18 (9.73%) are exclusive of cryoromediterranean belt, among these species there are some with very scanty populations, on the verge of the disappearance i.e. Draba dubia subsp. laevipes or Valeriana apula; 115 (62.16%) can live in the oro and cryoromediterranean conditions, some of them proceeding from the coldest epochs using the territory as a refuge i.e. Asplenium septentrionale or Gentiana alpina; and 52 (28.11%) could live in more than two vegetation belts, it is essential to emphasize the surprising altitudinal distri- (Iberian Peninsula, Europe, etc) . Among the last ones, there are some taxa of special interest because they spread from the Alpine mountains up to Sierra Nevada marking the last territory in the south of Europe where they could be found (Artemisia umbelliformis or Festuca rivularis).
CONSERVATION
We think that this work is of great interest since it is the first time that an identification of plant communities has been done facilitating fine-scale mapping and providing a tool for better monitoring of biodiversity, management and conservation policies.
Due to the location of study territory inside a National Park, the majority of its plant communities are included in the Habitat Directive (CEE, 1992) and the plant species which compose them are protected by the Spanish legislation. As a consequence the territory will be protected in the future, therefore if any vegetation change occurs it will only be as a result of changes in the environmental conditions.
We have already detected some changes on the upper vegetation belt extension if we compare it with the inexactly ancient estimations. For example, BOISSIER (1839-1845) situated the lower limit of the highest vegetation belt on 2600 m (MOLERO MESA & FERNÁNDEZ CALZADO, 2010) while QUÉ-ZEL (1953) ranged it on 2900 m (without differences between northern and southern slopes). On the other hand, RIVAS-MARTÍNEZ & al. (1987) and VALLE & al. (2003) gave their extension estimations in accordance with the bioclimatic belt being around 5000 ha. None of these estimations coincide with our information since these days the territory has a smaller surface (3875.7 ha). This reduction means less space for the association and their flora, which will have not space for upwards migrations in the future. Adding, the chamaephytes species such as Arenaria pungens, Hormathophylla spinosa, Sideritis glacialis, or even, Thymus serpylloides, are today prospering in the area, therefore the chamaephytes and hemicryptophyte mixture observe by QUÉZEL (1953) at 3000 m reach now higher altitudes.
Finally, in relation to the biodiversity, if we divide the upper vegetation belt area with a 1 km 2 UTM squared net it will occupy 86 squares (not all in a complete form, see Figure 2 ). Thirty one of them, which are situated on upper altitudes and valleys, have a high number of plant communities that goes from four up to eleven, i.e. Veleta square. Therefore the conservation of these squares would suppose the protection of a high floristic diversity, many of them on a threatened and vulnerable situation. 
